vision for stationary objects apparently completely or partially; and (3) that as vision returns, perception of movement recovers before the object can be seen.
The fields for both were recorded with a McHardy perimeter, the results being checked in two of the later cases by the Bjerrum screen. The method employed was as follows: As the slide or the disk on the pointer was approached from the periphery, as soon as the patient said he saw something moving, the chart or the screen was marked. If the square 1 cm. white disk was not distinguished at the same point, the slide or the disk was brought nearer the fixation point till it could be clearly seen, when a record was again made on the screen or chart. The moving slide was thus used as an indicator of the appreciation of "something moving," and of the disk, of the object.
I have purposely limited the disk or finger test to meaning only the appreciation of a stationary object; though frequently, the patient could simultaneously tell the shape of the disk or recognize the finger, when the rough test was used, but this was inconstant. This lack of uniformity of response and apparent untrustworthiness of the patient in appreciating the form of the test object in a part of the field, at one time and not at another, in view of the situation of the injury, was very suggestive. The same irregularity of response to stimuli is known to be typical of cortical disturbances of sensation.
The patients have great difficulty in describing, what "the something moving" is like, it is so vague and shadowy; but they are quite sure that neither shape nor colour can be attributed to it, and that it can be seen in a field which is entirely blind to stationary objects.
Notwithstanding the admitted crudeness of the perimetric method, especially for the accurate recording of scotomata, I think the charts will demonstrate fairly well the points I wish to make. Where the Bjerrum screen was used to check the results, they were fully corroborated. In this series of eight cases, seven show the dissociation in the affected field, and one does not. They fall naturally into three groups. Case I.-Lieutenant-Colonel T. was wounded on April 6, 1916, by a bullet in the right occipital region while advancing into action with his men. He did not fall, and, though dazed, he "carried on." He noticed nothing wrong with his vision at the time. About a quarter of an hour afterwards he apparently lost consciousness, for he remembers nothing further till he found himself in the Rawal Pindi General Hospital, Amara, eleven days after he was wounded. He had been trephined and the bullet removed. It was only when he was transferred to Bombay on May 17 that he noticed he could not see objects on his left. He used to miss pieces of meat on the left side of his plate, but in a good light he could tell if an object were moved in his left half field. He was evacuated for England on June 6 with no change in his vision. On roughly testing his visual fields I found that he quickly perceived finger movements in the whole of the left half field, though when the fingers were kept stationary he saw nothing; and, moreover, the field for "movement" compared with my own was normal. 0 0 20 120 _ Hemianopic field for object stimuli.
CHART 1 (Case I).
Chart 1: Central vision 6 right and left. Three months after the date of the injury. There was a complete homonymous hemianopia up to the fixation point for stationary objects, and a full field for movement. Charts 2 and 3, mapped out, respectively, four, and six and a half months' after the injury, showed no alteration.
The striking features of this case are (1) The conmplete dissociation of the two types of visual stimuli in the left half field.
(2) The full field for movement. As will be shown in the charts JA-16a that follow of cases of hemianopic loss, where appreciation of movement returns, the recovery is never complete, a paracentral or central scotoma remaining as an end-result to represent the amount of irreparable damage done to the visual area. The nearest approach to a scotoma I could get by repeated examination, was a more feeble perception of movement in a small part of the upper quadrant, about 200 from the fixation point; but the patient declared, emphatically, that it was never absolutely lost.
(3) The effects of the dissociation on the patient. This vision for "a something moving " alone, introduces more difficulties into the ordinary life of the patients than when the half field is totally blind. The disparity between the sensations received from the two halves of the retina, is frequently sufficient seriously to affect equilibrium in walking. They tend usually to sway to the partially blind side, though in the cases I have seen, the disability has never been sufficient to make them fall. The disturbance is, of course, most noticeable where the original loss of vision was in the full half field.
Apart from its effect on equilibrium, the inequality of the stimuli received is often a source of considerable annoyance to the patients. Case I, for example, when travelling by train, could see nothing but vague movements as he looked out of the windows on his left, but he could read the names of the stations and appreciate the scenery from the windows on his right. This was so disconcerting to him that now he thoroughly dislikes train journeys. The perception of " motion " kept up a continual desire to turn the head to see what was moving, and the gratification of the desire resulted only in annoyance at being tricked again. The "moving things " had no form, and the nearest approach to colour that he could attribute to them was a shadowy grey. Case II.-Second Lieutenant W. was wounded in the occipital region by a piece of bomb casing on February 9, 1916. He was knocked down, but did not lose consciousness. He could see from the beginning, tbough he knew his sight was affected. He had photophobia but no abnormal subjective visual sensations. At the casualty clearing station he was operated upon the same day. He was transferred to No. .2 Red Cross Hospital, Rouen, and Major Austin, on February 23, noted that there was a definite left hemianopia associated with optic neuritis. The following fields were taken a few days after his admission to the Empire Hospital and six weeks after the date of his wound:-Chart 1: Central vision % indistinctly, right, and 6 left. The right and left charts differ considerably, but in both the fields for object and "move- eyes made the observer doubt the accuracy of his observations, but a second record made of the fields was very similar. One notes that the dissociation is greatest in the horizontal plane through the fixation point where most vision is retained. Two months later the patient volunteered that when he was walking in the street he could see " a something moving " when people coming from behind passed hixn on his left side. There was, however, an area in the middle of his left half field in which it was lost. The " something" had neither form nor colour to him, and he was still as blind as before to stationary objects.
Chart 2: The perimetric charts confirmed his statements, but showed that only the left eye perceived " movement" peripherally. The fields of the right eye had not changed. Moreover, peripheral vision in the left eye was not complete, being absent in the upper and lower parts of the left half field.
The patient was soon afterwards transferred to a convalescent home, so that I have not had the opportunity of observing whether there has been any return of object vision or extension of perception of " something moving."
The isolated strip of peripheral vision is interesting. Harris [3] has recorded a case of partial hemianopia in which the object could be seen in a small part of the extra-central field, and he mentioned a similar case of Delepine's [1] of right hemianopia up to the fixation point, with a narrow peripheral zone of vision in the lower right quadrant of the right eye only.
Case III.-Captain de W. was wounded by a shrapnel bullet on December 4, 1915. The entry wound was in the left frontal vertex and the bullet was found, by X-ray examination, to be lying near the right occipital pole inside the skull. The patient never lost consciousness, and he was aware almost from the first that his left half fields were blind. The fields were examined at Alexandria a few days after he was wounded and a complete left homonymous hemianopia up to the fixation was reported. The patient missed meat on the left side of his plate. He noticed first some return of vision in May, 1916. "Movement" only was perceived and only in the periphery of the left lower quadrant. The patient, describing this vision in a small part of the field, said that he saw "something moving" below and to the left, momentarily, only to lose it again as it approached the centre of his field. When walking in the street he could see what he knew must represent a person's feet, though they had no shape, moving on the left, but he saw nothing to represent the body above the ankles. To Dr. Farquhar Buzzard, who examined the patient on May 31, I am indebted for the following note on the visual fields: "Vision in left upper quadrant lost. Some return of vision in the left lower quadrant." On admission to the Empire Hospital in September, the patient showed symptoms of right motor apraxia. These had been more pronounced during the first six months of his illness, judging by the descrliption he gave of his inability to perform purposive movements with his right hand. The left half field was totally blind for stationary objects, but he had become aware that the narrow area in the periphery of the lower quadrant had enlarged, for the perception of "'a something moving," from the margin towards the centre of the field and upwards towards the left upper quadrant.
Chart 1: Central vision I, right and left, nine months after the date of the injury. The right half field is fairly complete for object and " movement." The left half field is blind to the stationary object, but " movement " is perceived in the lower part of the periphery of the inferior quadrant. This strip in the field is of larger area in the chart for the left eye.
Chart 2: Eleven months after injury. The hemianopic line is seen to miss the fixation point by about 40 or &5. The "movement" field in the lower quadrant is now broader and longer, but a paracentral scotoma is still left, and a stationary object is not appreciated in any part of the left half field.
The perimetric results of this case have been checked by the Bjerrum screen. He exhibited other interesting visual phenomena, which, like the dissociations, can be compared to some of the sensory defects from cerebral injuries, described by Head and Holmes.
(1) The ability to localize objects seen was disturbed. If a matchbox was held in front of him, though he could bring it at once into central vision, his hand wandered all round in search of it before the box was finally grasped. The difficulty was the same whichever hand was used. The right arm was practically as strong as the left, and only slight loss of sense of position could be found. He always succeeded in the end in finding the thing he wanted, but he had to grope for it. For a long time after he was wounded he was frequently unable to get his eyes fixed on an object, even though he knew quite well its position in space-e.g., his hand.
(2) He was unable to estimate correctly relative distances and lengths. On a piece of paper held flat on the table before him two large dots 4 in. apart, one nearer to him than the other, appeared to be equidistant from him. Their relative positions were, nevertheless, easily recognized when he was allowed to touch the dots with his left forefinger. His answers were more correct if the dots on the paper were side by side, or one above the other. A tall and a short man standing side by side were to him about the same height. He was able, often, to judge with a fair degree of accuracy, the height or breadth of an object, but occasionally, he made gross mistakes-e.g., sitting in a chair 3 ft. away from me, he thought we were separated by at least 6 ft. Again, a room 41 yds. broad, was estimated by him to be 10 yds. in breadth. The next minute he gauged correctly the length of a stick and the breadth of a table. His answers were irregular and lacked uniformity.
(3) The stereoscopic element of vision was gone. Everything he saw was flat. People had the appearance of cardboard figures; they had outline, but no depth. If two persons were standing in front of him, he could differentiate them only by their outlines, for they were featureless and had no rotundity. Their noses might have been painted on their flat faces. Friends were recognized only by their voices.
A landscape was like a piece of stage scenery. Trees, hills, everything he saw, were at the same level; and yet he could recognize light and shade. A ball was simply a circle, an egg an oval, and a box a rectangle. This phenomenon was evident only if the objects were more than 1 ft. away from him.
Case IV. Captain C. received a wound at Gallipoli by a shrapnel bullet on June 6, 1915. He was hit in the left occipital region while advancing; and though dazed, he did not lose consciousness at once. He got up and was able to walk back part of the way to the dressing station before he fell down unconscious. He had noticed nothing wrong with his vision. I examined his fields first on September 28, 1915. Though he was quite aware of his blind upper quadrant, the visual loss hardly inconvenienced him at all. He had no appreciation of movement or other visual stimuli in the blind part of the field. Chart 1: Central vision 6, right and left. The charts show that the right lower quadrants are also restricted at the periphery. The movement and object fields coincide, and the visual loss reaches the fixation point.
A record of the fields was again made on November 18: There was still no dissociation of the two stimuli. The peripheral restriction of the right lower quadrants was greater. He complained of more difficulty in getting about, and of being more blind to the left. Chart 2: Fields mapped out on December 13, six months after injury. The right lower quadrant field has filled out, and at the points marked x, he sees a something moving" just for a second. These points complete the periphery of the field in the right eye chart, but correspond in the chart of the left eye only to the periphery of the defective part of the right lower quadrant. The patient declared that he could not distinguish any object as the slide went past, but that he knew something had moved through his blind field. Vision was obviously recovering in the periphery.
On February 1, 1916, he was admitted to the Empire Hospital for observation. Chart 3 shows his fields for the perception of "movement" and object, taken three days afterwards. CHART 4 (Case IV).
at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Chart 3: Except for a slight restriction of the peripheral parts of the right upper quadrant, more especially of the right eye, and a triangular central scotoma for movement, in the original blind field, the field is complete for movement, and has not changed for object vision.
The patient was discharged a few days after to the country, and there was no opportunity of making a further record till July 10, when he presented himself complaining that his vision was not quite so good. Chart 4: The field for movement has altered little, except that the scotoma is a little larger; and a complete absence of object vision, up to the fixation point, is demonstrated.
The fields were again recorded thirteen months after he was wounded. There was still no sign of return of object vision in the upper quadrant, and the scotoma for movement has increased in size.
The prominent features of this case are: (1) The return of perception of movement alone.
(2) The recovery beginning in the periphery of the original blind field, leaving as an end-result, a-central scotoma.
Case V.-Captain H. was wounded on December 16, 1915, by shrapnel in the occiput. Dazed but not unconscious, he realized he was completely blind. They carried him back to the field dressing station, where his wound was attended to. The medical officer at No. 2 Casualty Clearing Station reported that he was admitted there the same night with a serious gunshot wound of the vault, which was bleeding freely. He was unconscious and in a critical condition. The following day the wound was cleaned, and some fragments of bone which were found to be damming a torn longitudinal sinus were removed. On January 10, he was transferred to No. 1 Red Cross Hospital, Le Touquet, for better nursing and comfort. The first note made on vision was dated January 28: "? Very slight vision right eye; blurring of left disk." On admission to the Empire Hospital on February 26, he was very confused and moaned continually. There was a large sloughing septic hernia protruding from the back of his head, and to all appearance involving the whole of the occipital lobes. The parietal bones were loose, and could be moved under the scalp. On the following day he was quite collected, though suffering from pain in the head and neck, and to rough testing he was totally blind. On March 28 the patient said he could see something moving on his right. The stimulus proved to be his wife's shadow on the wall. When tested, he could distinguish between light and darkness, and could detect finger movements in the upper part of the periphery of the right superior quadrant.
Stationary objects, form and colour were not perceived. He was totally blind in the rest of the field, and no attempt was made to chart the seeing parts, as it was naturally impossible for him to fix. Later when he began to get out for walks, he noticed that he could detect movements as he passed objects-e.g., lamp-posts, on his right side. He said, "they don't appear to have colour or shape. They look like shadows. Sometimes I can tell if the moving things are white." On November 4 his vision had not altered. He was aware of movement in the same limited part of the field, but he had no idea of shape or colour, and he could not count fingers.
The damage to the occipital lobes was obviously very extensive and deep from the appearance of the hernia; but the case is of interest in so far as it shows that what remained of vision was for movement and light stimuli only. Case VI.-Lieutenant H. was wounded by a bullet in the occipital region on July 13, 1915. He was unconscious for three days, and during that time he had been operated on at Merville. From the scanty information on th transfer sheet I gathered that-the entry wound had been enlarged, and that the bullet, which was lying well forward between the occipital lobes, was removed along with a few small pieces of bone, some of which had followed the bullet, and some had remained superficial. The patient, who had sensory and motor loss in both legs below the knees, noticed nothing wrong with his vision for about a month; but during that time he had been kept in bed. His difficulty was in seeing things to the right and on the ground. When he walked he stumbled over objects as high as his knee, unless he kept his eyes fixed on the floor. He had the same difficulty in avoiding things situated on his right side. His fields were first charted for movement on October 5, two months after the injury. Chart 1: Central vision , right and left. The defect was shown to be mostly in the lower quadrants, though the right upper quadrant was also restricted. He was discharged on October 30, and while on leave the sinus reopened. He was again admitted to the Empire Hospital on January 21, 1916, complaining of nausea in the morning and occasional frontal headache and dizziness. No vomiting. He did not think his eyesight had got more restricted, but he noticed the defect more. The fields for movement were charted four.days after admission, and the loss was found to be, if anything, a little greater, especially in the lower quadrants.
Chart 2: On February 9 the fields were again mapped out, and they showed a marked general restriction, most pronounced in the lower quadrants and more especially in the right. Vision for stationary objects and for movement 9o0 ISO 1__ 1_I = Fields for appreciation of movement. CHART 1 (Case VI). Section oJ Neurology were completely dissociated, the movement field being the larger. The patient had practically telescopic vision. A radiogram revealed two small pieces of bone, lying between the hemispheres, and on February 3 Mr. Walton operated and removed them. Six days after operation the fields for movement and object, on being taken, were found to have enlarged considerably, and the increase was relatively about the same for both perceptions.
When he was discharged on April 26 the fields were in statu quo; but as he had got accustomed to move his eyes about more freely his visual defect disturbed him much less. This case shows that dissociation of movement and object perceptions occurs not only in quadrantic a.nd hemianopic defects, but also where the fields are generally restricted.a Case VII.-Captain R. was wounded on July 25, 1916, in the occipital region, by pieces of shrapnel casing. He was walking at the time when the shell pitched behind him. He fell down, but was not unconscious. He could move all his limbs, but he noticed his vision was gone in both lower quadrants. He walked back to Battalion Headquarters, a distance of three miles, hut to prevent stumbling over obstacles he had to keep his eyes fixed on the ground.
After having had his wound dressed by the medical officer, he wa.lked three miles to the field ambulance, experiencing the same difficulty with his vision. He was "gassed " on the way, though not badly, the effects passing off in about twelve hours. During the eighteen hours he remained at the casualty clearing station no improvement in vision occurred. He was sent by train to No. 2 Red Cross Hospital, Rouen, where he was operated upon by Major Austin on July 28, who reports: " Two foreign bodies against the skull; depressed fracture below, situated a little to the left of the mid-line; trephined; dura cut, but not through, just over longitudinal sinus. No haemorrhage. Wound excised: now slightly septic." A week after the operation the patient first noticed some return of vision in the left lower quadrant. He is quite certain that recovery began in the peripheral field, and it was first for light and movement only. He could not see stationary objects. The improvement in the left lower quadrant went on till the whole quadrant recovered for all stimuli, light and movement being the pioneers. Movement, he was certain, came back before stationary objects, form, or colour could be perceived. On admission to the Empire Hospital on August 6 his wound was still septic. On roughly testing the visual fields with fingers, I found that part of the right lower quadrant was defective. The loss, which was more for stationary objects than for movement, did not reach the fixation point. Charts were taken on August 26, one month after the date of the injury. tions, more noticeable in the field for movement; and the filling out of the fields was more at the periphery, so that the base of the wedge was narrower. Colour stimuli were not perceived in the blind field. He was more conscious of bright than of dark objects. Certain cases of hemianopia, however, show no dissociaton of object and movement vision, and remain stationary, at all events, for many months. But I have found them to be relatively few in number, and only one occurs in this series of nine cases. One might suggest tentatively, that coincidence of the fields and absence of any sign of recovery, are due to the injury being more extensively subcortical. I cannot bring forward pathological material to prove this assertion,but Swanzy, writing on relative hemianopia, said that he' believed it was the result of a lesion of less intensity than that which caused absolute hemianopia. The following case belongs to this group: Case VIII.-Lieutenant M. was wounded at Loos about September 30, 1915, by a rifle bullet in the left occipital region. On admission to Rawal Pindi Hospital the next day he was in a semi-conscious condition, quite unable to give the name of his unit or his people's address. Later he demonstrated to the doctor his right hemianopia during a fairly lucid period. On November 2 he was admitted to the Empire Hospital. The fields were first recorded on November 13, a right homonymous hemianopia up to the fixation point being found. There was coincidence of the fields for the perceptions of object and movement.
Chart 1: Central vision R, right and left. Charts were taken at intervals till June, 1916, and no change in the fields could be detected. 180 CHART 1 (Case VIII). This series of a paper in Brain Injuries." cases more fully described will be incorporated in on "Certain Visual Dissociations due to Occipital CONCLUSIONS.
I have attempted to demonstrate from cases of visual defects of occipital origin, (1) that the consciousness of " a something moving" should be recognized as one of the visual perceptions; (2) that it may be'tdissociated from the perception of a stationary object; (3) that where recovery of vision occurs, the perception of "movement " precedes that of the object; and (4) that recovery of "movement" vision begins at the periphery.
In investigating visual disturbance due to occipital injury, I have been deeply impressed by the points of similarity which these disturbances present with other sensory defects associated with damage to the cerebrum. Vision is a form of general perception, and I feel that much valuable information might be collected, and that a wider conception of what vision is might be obtained, if it were considered not as a special sense, but as a part of general sensation.
The visual apparatus belongs to the afferent sensory system, and conveys sensory impressions. Vision, indeed, is highly specialized for the performance of particular functions. Physiologically, however, sensory activities appear to be governed by certain laws, and one might suppose that an interference with the visual paths would give rise to results comparable to what obtains when other sensory mechanisms are disorganized. It should be possible to compare defects of vision and of sensation from lesions at corresponding physiological levels. I will be content, however, with merely mentioning a few of the visual defects which I think resemble disturbances of sensation.
(1) Dissociations of primary visual perceptions of light, movement, stationary objects, form and colour.
(2) Inability to localize an object seen, and to estimate its length.
(3) Inability to appreciate "difference "-relative lengths and distances. (4) Inability to distinguish between a flat disk and a sphere.
(5) Irregularity of response to stimuli. This apparent untrustworthiness of the patient has been described by Head and Holmes [4] as being a typical feature of cortical disturbances of sensation. My grateful thanks are due to Dr. Farquhar Buzzard, Dr. Collier, Dr. Leonard Guthrie, Dr. Head, and Dr. Kinnier Wilson, for permission to publish my notes on their cases and for kind advice.
DISCUSSION.
Dr. LEONARD GUTHRIE: I wish to congratulate Captain Riddoch on the excellence of his paper. As he himself mentioned, the fact that recovery of perception of movement may precede that of stationary objects, has already been recorded. But he is the first to draw attention to the significance and importance of the observation. He suggests that this dissociation between perception of movement and of stationary objects may be analogous to the dissociation which is known to occur in other form of sensory disturbance, and that a similar dissociation may be found in the case of special senses other than the visual. I would now suggest that dissociation is always between the more crude and primitive functions and those which are more elaborate and later acquired. It is well known that in cases of gross cerebral lesions recovery occurs sooner and more completely in the case of simple functions than in those more specialized. My contention is that perception of movement is the most rudimentary form of vision, and is necessary for the preservation of lower forms of life. Many examples drawn from the animal kingdom show that the perception of movement serves to attract the prey to the captor and is excited by the captor in order to catch its victims. The cerastes viper for instance lies half buried in the sand and keeps its horns in motion in order to entice small animals within its reach. The Indian hunter is said to draw deer within gunshot range by waving a rag on the end of his ramrod. Some years ago there was an outcry in the public Press against the cruelty of feeding the snakes at the "Zoo" on live animals. The answer was that many kinds of reptiles will not touch their food unless it is alive and moves. As a boy I used to keerylizards as pets, ard I found that they would walk over or by dead flies and other insects, without taking,the slightest notice of them, but if I introduced living insects, the lizards would see them at once and dart from one end of the cage to the other in order to seize them. I could, however, train them to eat dead insects when I impaled the insect on a pin at the end of a stick and waved it about at a distance from the lizard. Many inhabitants of the marine world are provided with tentacles and antennae, by movement of which they induce other creatures to come within reach in the hope of obtaining a meal for themselves. On the other hand, the python will lie coiled on a tree by the waterside, motionless and invisible to the deer which comes to drink. We have all seen a cat squatting immobile for hours before a mouse hole. If the cat moved the mouse would see it and would never be foolish enough to emerge from its hole and get caught. Certain birds, notably the quail, and insects are said to feign death when in danger. But the quail or insect is like Wordsworth's " simple child." " What should it know of death? " It is, however, quite probable that instinct leads it to become a "stationary object" and thus escape detection. I have made no special investigations in the case of human beings, but every one knows that young infants will turn their heads and eyes towards a nmoving body brought from the periphery within their range of vision, whereas they may take no notice of stationary objects held before their eyes. Amongst the many interesting observations in Captain Riddoch's paper are twvo to which I would refer. One is that in some cases of occipital lesions, perception of movement occurs first at the periphery of the fields. This is exactly as might be expected. It is obvious that perception of movement will be the more useful in proportion to the width of its range towards the periphery. Also, the recovery of perception of movement from the periphery inwards, seems in favour of the view that the peripheral vision is a crude and primitive form, and therefore returns more readily than more specialized visual functions. The other interesting point is that one patient recovered vision for objects, but complained that they all looked flat. He could not see any difference between a sphere and a flat disk. In other words he has lost the appreciation of gradations of light and shade which enables us to make such distinctions. He sees objects flat, as they appear in a brilliant searchlight or in " stageland," where shadows are eliminated by the intensity of the illumination. This again implies a return of vision which is nevertheless rudimentary and decadent. He sees objects flat just as they appear to the aborigine, the young child or the "postimpressionist" who attempts to depict them.
Mr. J. HERBERT PARSONS: This paper opens up a field of far reaching importance, not only from the biological standpoint, to which Dr. Guthrie has so ably drawn attention, but also from many other points of view. It is customary in physiological and ophthalmic text-books to divide visual sensations into the light sense, the colour sense, and the form sense. This has always seemed to me a convenient but not very scientific division, but if it is accepted the sense of movement has just as much (or as little) right to be included as a fourth division. The crudity of the classification is best seen on considering threshold values. Thus, Charpentier's beautiful experiments have proved conclusively that at the threshold the minimum light appreciable is a function not only of the intensity of the light but also of the area of retina, stimulated. So far as the macula is concerned, where adaptation is negligible, the relation of intensity to area follows a quite definite mathematical law. As regards colour, it is legitimate, with iHering, to include under this designation both toned and untoned colours, and in any case it is obvious that colour without light is unthinkable. The foundation of the form sense is the appreciation of two points of light as discrete points, and here again the threshold values are dependent entirely upon the light sense, modified or unmodified by a toned colour constituent. The visual appreciation of movement is a function -of light, colour and form, and from the physiological point of view it-is impossible to dissever these constituents. Hence I think that Captain .Riddoch emphasizes too strongly his distinction between appreciation of movement and that of form. So far as the highest cortical representation is concerned I agree that there is representation of movement as such, almost JA-16b entirely divorced from appreciation of form, colour, and even light: but this is because I regard the highest cortical centres as the physical basis of psychological phenomena, and therefore of that analysis of precepts and selective re-synthesis which creates the concept, in this case-movement. From the biological point of view the appreciation of movement is primitive.
Here the inchoate mass of dimly perceived sensations doubtless arouses the mere impression of "something moving." With the differentiation of the sense organs, and notably of the projicient sense organs, as has been so admirably demonstrated by Sherrington, there proceeds pari passu a differentation of the inchoate mass of sensations, an analysis or selective segregation, which permits of the separate appreciation of light, colour, and so on. Yet the analysis appears never to be complete, and it is, moreover, accompanied by re-syntheses which are the basis of a scientific, as opposed to a metaphysical, creative evolution.
